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Pump Cleaning 



This invention relates to the field of vac 
strictly limited to vacuum pumps with a 

Screw pumps usually comprise two sp 
externally threaded rotors, the shafts b 
that the threads of the rotors irttermesh. 
threads at the points of intermeshing ar 
body, which typically acts as a stator, 
between an inlet and an ouUet to be t 
and the internal surface and thereby \ 
rotate. 



ium pumps. In particular, but not 
type configuration. 

id parallel shafts each carrying 
fng mounted in a pump housing such 
Close tolerances between the rotor 
with the internal surface of the pump 
ises volumes of gas being pumped 
|ped between the threads of the rotors 
through the pump as the rotors 



Screw pumps are widely regarded as * 
conditions in a multitude of processes, 
to an increasing number of industrial p 
involve materials that have "wax/ 1 or *1 
plasticisers. In operation of the pump, 
surfaces of the pump. On shutdown of 
deposits also cool and solidify within th 
located in clearance regions between 
to seize up such that restart is inhibited 



eliable means for generating vacuum 
nsequently, they are being applied 
esses. Such applications may 
properties e.g. tallow based 
ese products form deposits on the 
pump these surfaces cool, the 
imp. Where such deposits are 
ponents, they can cause the pump 
r even prevented. 



Similar problems can be encountered in 
processes that use vacuum pumps, esp 
deposition (CVD) category. Suchproc 
amount of by-product material. This ca 
which may remain loose or become co 
especially if the process gas is conden 
temperature surfaces. This material 
in the foreline between the chamber \ 
pump itself, If such material accumula 
pump during its operation, this can 
between the rotor and stator elements 



a number of semiconductor 
i scially those In the chemical vapour 
es can produce a significant 
be in the form of powder or dust 
acted, or in the form of hard solids, 
le and sublimes on lower 
be formed in the process chamber, 
e pump, and/or in the vacuum 
on the internal surfaces of the 
ly fill the vacant running clearance 
the pump, and can also cause 




spikes in the current demand on the motor of the vacuum pump. If this 
continues unabated, then this buDd-up of solid material can eventually cause 
the motor to become overloaded, and tnus cause the control system to shut 
down the vacuum pump. Should the pu top be allowed to cool down to 
ambient temperature, then this accumu! ated material will become compressed 
between the rotor and stator elements. Dueto the relatively large surface 
area of potential contact that this create \ between the rotor and stator 
elements, such compression of by-prodi ict material can Increase the frictional 
forces opposing rotation by an order of Jnagnrtude. 



In order to release the rotors in prior art 
a bar can be inserted Into sockets attac 
through an access panel. This bar Is u 
and release the mechanism such that 



sumps, a facility is provided whereby 
ed to the primary shaft of the rotor 
as a lever to try to rotate the shaft 
machine can be restarted. This 



levering system allows more rotational force to be applied to the internal 
components than could be exerted by th b motor Such force will be 
transmitted to the rotor vanes and the as socfated stresses may prove to be 
detrimental to the structure of the rotor. If this system fails to release the 
mechanism it is then necessary to disas &emble the apparatus such that a 
liquid solvent ran be poured Into Hie punp casing to dissolve the residue to a 
level where the shaft can be rotated manually. This disassembly not only 
causes the pump to be off line for a certain length of time, but *rt then must be 
re-commissioned and re-tested to ensuij i the reliability of the connections to 
the surrounding apparatus. 

Our pending International application WC >2004/036047 describes how the 
delivery of a cleaning fluid can be activated at predetermined 
operation of the pump, for example using solenoid valve control. The 
performance of the pump is monitored by measuring at least one of the group 
of rotor speed, power consumption anc 



measured parameters are subsequently 
accumulation of deposits on the Internal 
cleaning fluid flow rate is then calculated 



;ed to determine the extent of 
forking surfaces of the pump. A 
this rate being that of the delivered 



fluid that would be sufficient to compensate for the quantity of accumulated 
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deposits. In this way the flow rate of cleaning fluid being delivered to the rotor 
can be continuously adjusted to reflect lie new calculated value. 

It is an aim of the present invention to s 
aforementioned process. 

According to the present invention there Is provided a method for managing 
deposits within a pump mechanism by introducing fluid suitable for dissolving, 
diluting or otherwise disengaging deposits which have accumulated on the 
internal working surfaces of the pump, t|e method comprising the steps oft 

(a) monitoring the performance of the pump, for example, by recording 
at least one of the group of pressure at the exhaust of the pianp and 
motor current; 

(b) receiving process data, for example from, or associated with, a tool 
being evacuated by the pump; 

(o) calculating fluid flow characteristics required to compensate for the 
accumulation of deposits on the internal working surfaces of the pump 
based on the monitored performance and the process data; and 

il 

(d) introducing fluid into the pumfSjng mechanism in accordance with 
the calculated characteristics. 



Where the deposits are in solid form, thd fluid may typically be a halogen, 
such as a fluorinated liquid or gas. Alternatively, especially where the 
deposits are formed of powder, the flu 
Nitrogen, in particular tills may be delive 
example in excess of 2000 mbar. 



Where the fluid is a halogen, a second 




ay be an inert purge gas, such as 
at an elevated pressure, for 



Id may also be introduced to the 



pump, this second fluid being inert purge gas. The two fluids may be 
introduced at different locations in the pd "np in order to achieve localised 
effects. For example, the first fluid may I e aimed directly at the interna! 
working surfaces of the pump to focus the fluid into the regions of 
accumulated deposits. Furthermore, the, second fluid (typically an inert purge 
gas) may simultaneously be directed tow irds sealing components of the 

( • 



t 
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pump such that they are protected fronr 
fluid. 

Where a second fluid is used, it may be 
fluid has terminated in order to flush th 
dislodged deposits out of the pump, th 
internal surfaces of the pump to the coi 
of the pump components is minimised. 

The fluid flow characteristics may be at 
temperature, pressure and duration of i 



the corrosive effects of the halogen 




introduced after injection of the first 
corrosive halogen material and any 
minimising exposure time of the 
sive materials. In this way corrosion 



;ast one of the group of flow rate, 
liection. 



The fluid may be introduced during nomial operation of the pump, where the 

>e introduced into an exhaust section 
of the pump if there is a process occurring. Alternatively, the fluid may be 
introduced when the pump is off line and there is no current process running, 
in this embodiment the foreline valve between the process chamber and the 
vacuum pump may be closed to preventjfluid from the pump migrating back to 
the process chamber. 

According to another embodiment of the) present invention there is provided a 
pumping arrangement comprising a pump having a rotor element and a stator 
element, at least one fluid port, means ft r monitoring the performance of the 
pump, means for receiving process data means for calculating fluid flow 
characteristics required to compensate 1 >r the accumulation of deposits on 
the internal working surfaces of the purrc > based on the monitored 
performance and the process data, and neans for introducing into the pump 
via said at least one port and in accorda ice with the calculated 
characteristics, fluid for acting on deposf s located on the element surfaces to 
enable said deposits to be removed theijpfrom. 
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The controller of the dry pump apparatus may comprise a microprocessor 
which may be embodied in a computer, which in turn is optionally 
programmed by computer software whk h, when installed on the computer, 
causes ft to perform the method steps (1) to (d) mentioned above. The carrier 
medium of this program may be selected from but is not strictly limited to a 
floppy disk, a CD, a mini-disc or digital tape. 



An example of the present invention will 
the accompanying drawings in which: 



ioure 1 illustrates a schematic of a screw pump 



now be described with reference to 



Figure 2 illustrates a schematic of a double-ended screw pump; 

Figure 3 is an end sectional view of the j lump of Figures 1 and 2; 

Figure 4 Is a detailed view of a section of a water jacket that illustrates the 
implementation of an injection port; 

Figure 5 illustrates an arrangement for supplying fluid to a pump; 



Figure 6 Illustrates a graph of motor currj 



vacuum pump experiencing accumulate h of deposits; 




nt against time from a motor of a 



Figure 7 illustrates a graph of pressure 
vacuum pump experiencing accumulatioh 



lainst time taken at the exhaust of 
of deposits; 



Figure 8 illustrates a pumping arrangem^ nt according to one embodiment of 
the present invention; 



Figure 9 illustrates a pumping arrangem 
embodiment of the present invention; an 



nt according to a second 



Figure 10 illustrates a pumping arrangenjent according to a third embodiment 
of the present invention. 
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Whilst the example pumps illustrated in 
envisaged that this invention can be 
particular claw pumps. 



=igures 1 and 2 are screw pumps ft 
api lied to any type of vacuum pump, in 



In the example of Figure 1 , two rotors 1 
5 that serves as the stator of the pump. 



are provided within an outer housing 
The two contra-rotating, irrtermeshing 



rotors 1 are positioned such that their c* ntral axes lie parallel to one another 
The rotors are mounted through bearings 10 and driven by a motor 1 1 (shown 
in Figure 2). Injection ports 2 are providpd along the length of the rotor. In the 
examples of Figures 1 and 2 (shown as polid lines in Figure 3) these ports 2 



are located laterally within the pump on 
the intermeshing region of the rotors. H 
at any radial location around the stator 
illustrated in Figure 3. 



opposite side of the rotors from 
wever, the ports may be 
Some of these locations are 



The ports 2, which may contain nozzles |o allow the fluid to be sprayed, are 

the stator component 5 such that the 
solvent or steam can be easily applied o mr the entire rotor. Alternatively, this 
distribution of ports allows the fluid to be readily concentrated in any particular 
problem area that may arise. This is es\ pcially Important when solvent is 
injected during operation, in order to limi the impact on pump performance. 
If, for example, a single port was to be ufed at the inlet 3 of the pump, this 
may have a detrimental effect on the ca 
transported away from the evacuated chamber (not shown) by the pump. By 
bringing solvent into contact with the rote r 1 after the first few turns of the 
thread, the likelihood of backward contamination of the solvent into the 
chamber will be reduced. 



Furthermore, where solvent is introduce* 
pressure is such at the inlet that there is 
flash. In processes where it is necessai 
phase the solvent must be introduced ch 



in the inlet region of the pump, the 
n increased risk that the solvent will 
for the solvent to remain in liquid 
f towards the exhaust region of 
sen. As solvent is introduced 



the pump where the pressures will have 

through a number of ports 2 along the lerjgft of tine stator, the overall effect is 
to gradually increase the quantity of solvent present, as the likelihood of 
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residue build up on the rotor 1 increase towards the exhaust stages, An 
additional benefit may be seen Sn some bonfiguratfons where addition of liquid 



into the final turns of thread of the rotor 
the rotor and the stator in this region of 
substantially reduced and performance 



ill act to seal the clearances between 
ie pump. Thus leakage of gas will be 
the pump will be Improved. 



In some processes, it is not appropriate jto introduce solvent during operation 
as the waste products from the evacuated chamber are collected at the outlel 
of the pump for a particular purpose ancjjthis material ought not to be 
contaminated. Other applications maj 

warrant constant injection of solvent durjng operation. In these cases, and 
where an unplanned shut down of the p|mp occurs such that standard 
practice*, such as purging, are not followed, the residue from the process 



rature. In these circumstances a 
eposits build up and become more 
to the present invention, the 
a solvent into the stator cavity 6 in a 



cools down as the apparatus drops in te 
seizure of the mechanism may occur as 
viscous or solidify. In a system acoordi 
injection ports 2 can be used to introdu 
distributed manner without needing to g<| to the expense or inconvenience of 

the apparatus. Once the Solvent has acted upon the deposits 
to either soften or dissolve them* the sh 
the motor or manually to release the 
potentially damaging, force to the rotor. 



may then be rotated either by using 
ponents without applying excessive, 



Delivery of fluid may be performed throui 
through a hole m the housing or nozzles 
fluid may be sprayed. Control systems 
solvent delivery can be performed In reai 
experienced within the confines of the p 
arrangement shown In Figure 5, a cort 
for example, stage by stage, to the ports 
As indicated art 24 t a purge gas system 
purge gas, such as nitrogen to the pum 



ih simple ports as liquid is drip-fed 
iay be provided through which the 
lay be introduced such that the 
ion to the changing conditions being 
ip apparatus. For example, in the 
system 20 supplies cleaning fluid, 
of pump 21 via supply conduits 22. 
|ay also be provided for supplying a 

:1. 
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Where the process material Is waxy or fetty, compatible solvents will need to 
be Introduced to perform the dilution/de aning function. Such solvents may be 
provided In liquid or vapour form. Any c Dmpatible, effective cleaning medium 
may be used such as xylene in the case of hydrocarbon based/soluble 
products or water in the case of aqueoujs based f soluble products, 
alternatively, detergents may be used. 



Where the process material Is a by-prod jet of a CVD process, the cleaning 
fluid may comprise a fluorinated gas. E samples of such cleaning fluid 
include, but are not restricted to, CIF 3 , F !t and NF 3 . The high reacBvity of 
fluorine means that such gases would n act with the solid by-products on the 
pump mechanism, in order to allow the by-products to be subsequently 
flushed from the pump with the exhaush d gases. To avoid corrosion of 
internal components of the pump by the luorinated gases, materials need to 
be carefully selected for use in forming i omponents of the pump, such as the 
rotor and stator elements, and any elastfmeric seals, which would come into 
contact with the cleaning gas. 



The housing 5 as illustrated in Figure 3 i 
construction, an inner layer 6 and an o 
acts as the stator of the pump, Acavi 
of the housing 5 such that a cooling fluid 




around the stator in order to conduct hes t away from the working section of 



provided as a two-layer skin 
r layer 9. It Is the inner layer 6 that 
Is provided between the layers 6, 9 
such as water, can be circulated 



the entire length of the rotor i.e. over 
ion 4. Under circumstances 



the pump. This cavity 7 fe provided over 
the inlet region 3 as well as the exhaust 
where the pump has become seized dueljto cooling of the rotor which, In turn, 
solidifies residues on the surfaces between the rotor and the stator, the 
'cooling liquid' in the cavity 7 of the housing 5 may be heated to raise the 
temperature of the rotor 1. This can enhance the pliability of the residue and 
may assist in releasing the mechanism, jrhe housing 5 is provided with pillars 
8 of solid material through the cavity 7 in jprder to provide regions where 
injection ports 2 can be formed. 
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Figure 6 illustrates an example 
time. The data is taken over a period 
deposits on its internal working surfa 
spikes shown in such a graph are indi 
formed on the internal surfaces of the p 
distorted by the process conditions at 
pump. In order to get a true Indication 
pump, it is necessary to take the part 
account. Example conditions that will h 
pump and consequently on the nrtonito 
cleaning the process chamber. 



trace of motor current plotted against 
n the pump experiences build up of 
. The amplitude and frequency of the 
Itrve of the extent of the residue 
mp. However, this indication ran be 
it particular time and the status of the 
the level of residue formed within the 
ar process and pump conditions into 
ive an effect on the conditions of the 
d parameters are roughing and 



Similarly. Figure 7 illustrates a trace of dbssure against time as recorded in 
the exhaust section of the pump during a period where a build up of 



pump. The exhaust pressure reacts 

used as a 

nd blockage. This, in turn, may be 



particulate matter is occurring within the] 
to an increase in pressure in the pump 
means of assessing exhaust deposition 

used to determine when and how fluid slould be introduced into the pump to 
dear out any deposits formed therein. Tine type of fluid to be used Is chosen 
depending upon the process/application [being undertaken and whether any 
deposits are likely to be solid or powder. Once again, rt is beneficial to couple 
this data with process data from, or assc elated with, the tool in order to 
eliminate false suggestions of accumulated deposits. 

* 

Figure 8 illustrates one embodiment of twe Invention, where data about the 
motor current is supplied to the controlled together with data from the process 



eral perls 2 are provided at different 
ier figures. These ports are fed by 
valves 34. The controller 30 is 
of the motor current and a signal 37 
which the controller determines 
whether fluorinated gas should be supplied to the pump 31 via ports 2 to 
counteract the formation off accumulated deposits. This fluorinated gas rimy 
be supplied from a fluorine generator or 



tool. Pump 31 is driven by motor 35. S< 
locations along the pump as shown in 
supply conduits 32 from gas supply 33 
provided with a signal 36 that is indicate 
which is indicative of the process data fi 
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such as NFs, C2F 6> SF e or similar using [a plasma generator such as MKS 
Astron to produce fluorine radicals. Alternatively, as illustrated here, the 
fluorine may simply be delivered from abas storage vessel 33. 

Typically the array of valves 34 are sequenced by the controller 30 to effect 
exposure of relevant sections of the pump 31 to the fluorine gas as required in 
response to the motor current and process data supplied. It is not only the 
timing but also the duration and magnitude of each fluorine injection that is 
governed by the combination of the rnotpr current and process data supplied 
to the controller 30. 

Figure 9 illustrates a more complex enritbdiment of the present invention. 
The vacuum pump 41 is driven by moto|45. Once again, ports 2 are 
provided at different locations within thefpump, these are connected via 
supply conduits 42 and 49 to a purge gap module 50. An array of three way 
valves 44 are provided in the supply conpuits to enable either or neither of the 
two gases supplied through the conduits|42 and 49 to the ports 2. The purge 
gas module 50, typically (as illustrated hfere) has two Inlet connections 51, 52, 
one for each type of gas. Controller 40 is provided to receive data from three 
sources in this example. As in the previous embodiment a signal 46 indicative 
of the motor current is provided, but in addition a further signal 48, indicative 
of the pressure in the exhaust section 53 of the vacuum pump 41is provided. 
This data is used by the controller 40, as described above, in combination 
with the process data 47 to determine whether fluorinated gas or inert purge 
gas (such as Nitrogen) or, indeed both gfa ses, should be introduced into the 
pump 41 . 



The controller 40 of the module 50 swf 
and 54 through inlet connections 51 and 
can be supplied with either gas. As ea 
2 within the pump 41 it is possible to sup 
locations. This is particularly useful whe: 
corrosive fluorinated gas at particular an 
as sealing regions of the pump 41, whi 
by these corrosive materials. In such a 



tes between the two gas supplies 43 
\2> Typically, each of the valves 44 
valve 44 connects to a different port 
fly different gasses to different 
it is desirable to focus the 
whilst protecting other areas such 
jfnay be more sensitive to damage 
s, the sealing regions of the pump 
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41 , may be flushed with inert purge gasjat the same time as the regions 
experiencing accumulation of deposits Lptealiy the active surfaces of the 
pump) can be flushed with the fluorinated gas. 

Alternatively, each of the ports can be configured 2 to inject ttie corrosive gas 
onto the internal surfaces of the pump il for a particular duration, this can 
then be followed by a period where the bump 41 is flushed through with inert 
purge gas. In this way the corrosive material does not linger within the pump 
41 and, therefore, damage is less Beery lo be caused to the internal 
components. 

Furthermore, gas flow measurement delices can be incorporated into this 
example to confirm that the expected fldto rates of either gas are achieved at 
particular locations in the pump. This lefids not only to optimisation of utility 
gases and hence a reduction in the costjof operation/ownership but also to a 
reduction in corrosion and therefore in 
pump. 

Figure 10 illustrates a further embodiment of the invention to be used in 

m of powdery residue. Such 

residue can be dislodged by blasting thejaffected regions with high pressure 
turbulent purge gas. In conventional systems, high pressure purge gas is 
typically avoided due to the significant volumes of gas that need to be used, 
such usage can become very expensl 

invention, it is possible to optimise the quantity of purge gas used to allow it to 
be just sufficient to dislodge the actus 
pump. 

In this embodiment vacuum pump 61 is provided with ports 2 which are 
connected via supply conduits 62 and vsfves 64 to a purge gas supply. Here, 
two gas modules are provided, standard 

regular purge gas at standard purge pressures, the second gas module is a 
turbulent purge gas module 64. The torbjjtent purge gas module 64 
comprises a high pressure regulator 66 which enables purge gas to be 
supplied to the pump, controlled via vahflf 65, in excess of 2 bar. The supply 



1 




of this high pressure purge gas is governed by controller 67 which is provided 
witti a signal 68 indicative of the pressure in the exhaust section 69 of pump 
61 together with a process data signal 7p. 

In particular, not only the volume of gaslcan be determined with accuracy by 
the controller but the gas can be injects! only locally to the problem region. 
Where the deposits are formed in the eihaust section 69 of the pump 61 it is 
possible to use this embodiment of the i wentton during normal operation of 
the pump, however, where the deposits jare not so remote from the inlet ft is 
necessary to flush the pump 61 when it is off-process and the valve 71 in the 
foreline between the process chamber aid the pump 61 is shut. In this 
embodiment the controller 67 also receives data regarding the status of the 
foreline valve 71 such that it prevents aestivation of the high pressure purge 
upstream of the exhaust section when the pump 61 is on line 



The turbulent purge gas module 64 may, 
standard gas module 63 for the pump B' 



be provided as an integral part of the 
or it may be provided separately to 



it A valve 65 is provided between the standard gas purge system and the 



high pressure regulator in order to allow 
system when necessary. 



ligh pressure gas to enter the 



for different modes of operation 
of the pump. Taking motor current 



mode" may be used where there is 
es of fluorinated gas or high 
pump at predetermined intervals. 



The controller in each embodiment alio 
depending on the analysis of the condftf 
data as an example, where no current stiikes are detected, "normal operation 1 
ensues, there is no need for any gas to if e injected into the pump. Where 
some spikes are detected , a "preventati 
potential benefit in providing small quan 
pressure purge gas to the surfaces of th 
"Active operation 39 suggests that the monitoring means is detecting numerous 
spikes which are not due to the process or pumping conditions indicating that 
significant levels of deposition are freq 
it is highly beneficial to actively use the 

these deposits. Where it is noted by the Inonitoring means that the level of 
spikes is increasing even with active usep the present Invention, the pump 
has entered a "service required" mode wfiere further intervention is required 



occurring within the pump, here 
It invention to inhibit buBd up of 



! 
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at the next opportunity such that prodw 
jeopardy. 



in the process chamber is not in 



The present invention fe not restricted fir use in screw pumps and may readily 
be applied to other types of pump such as Northey ("daw") pumps or Roots 



pumps. 

it Is to be understood that the foregoing 
the invention, others of which will no do 



J-epresents just a few embodiments of 
bt occur to the skilled addressee 
without departing from the true scope otjthe invention as defined by the claims 
appended hereto. 




Claims 



J 



1 . A method for managing depositsaAtfthin a pump mechanism by 
introducing fluid suitable for dissolving, llluting or otherwise disengaging 
deposits which have accumulated on the internal working surfaces of the 
pump, the method comprising the stepslof: 

(a) monitoring the performance of the pump; 

(b) receiving process data; 

(c) calculating fluid flow charade astics required to compensate for the 
accumulation of deposits on the internal working surfaces of the pump 
based on the monitored performance and the process date; and 

(d) introducing fluid into the pumjjng mechanism in accordance with 
the calculated characteristics. 



1 



ing to claim 1, wherein the fluid is a halogen 



2. A method 



3. A method according to claim 2, wjherein the fluid is a 
or gas. 



liquid 



4. A method according to claim 1, wperein the fluid te inert purge gas. 

5. A method according to claim 4, wfierein the purge gas is delivered at 
an elevated pressure. 

6. A method according to claim S, wfierein the purge gas Is delivered at 
pressure in excess of 2000 mbar. 

7. A method according to claim 2 orfelaim 3 T wherein a second fluid is 
also introduced to the pump, this secon Jfluid being inert purge gas. 

8. A method according to claim 7, wherein the first and second fluids are 
introduced at different locations in the pi 

g. A method according to claim 8, wherein the first fluid is directed to the 
internal working surfaces of the pump. 
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10. A method according to claim 8 o j claim 9, wherein the second fluid is 
directed towards sealing components of the pump. 

11. A method according to claim 7, therein the second fluid is introduced 
after injection of the first fluid has terminjated. 

12. A method according to any preceding claim, wherein the fluid flow 
characteristics are at least one of the grpup of flow rate, temperature, 
pressure and duration of injection. 

13. A method according to any preceding claim, wherein the fluid is 
introduced during normal operation of trie pump. 



14. A method according to claim 13. 
exhaust section of the pump. 



rherein the fluid is introduced into an 



15. A method according to any of claims 1 to 12, wherein the fluid is 
introduced when the pump is off line. 

16. A pump according to any preceding claim, wherein the monitoring step 
comprises recording at least one of the group of pressure at the exhaust of 
the pump and motor current 



17. A pumping arrangement comprisi 
and a stator element, at least one fluid p 
performance of the pump, means for r 
calculating fluid flow characteristics requ 
accumulation of deposits on the internal 
on the monitored performance and the p 
introducing into the pump via said at lea 
calculated characteristics, fluid for acting 
surfaces to enable said deposits to be re 



g a pump having a rotor element 
rt, means for monitoring the 
iving process data, means for 
id to compensate for the 
irking surfaces of the pump based 
as data, and means for 
i port and in accordance with th 
eposits located on the element 
oved therefrom. 
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Figure 9 
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